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ABSTRACT 
This paper has several goals. First, we attempt to verify the existence of the 
generalized autoregressive conditional heteroskedasticity (GARCH) effect in 
the residential property market. Second, we examine the evolution and 
interaction among the time-varying volatility of prices, other housing market 
variables and macroeconomic variables. Consistent to the previous research on 
the stock market, the relationships between the GARCH effect and other 
variables change before and after a financial crisis. We also find that the impulse 
responses of housing variables to the shock to different shocks are mostly short 
lived except facing the interest rate shock. Except to the unemployment shocks, 
the trading volume and the conditional variance of housing price always move 
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Uncertainty is a very important determinant for an investment decision. As 
housing is one of the most important investment tools, uncertainty is necessary to be 
taken into account. The amount of uncertainty is commonly measured by the variances 
of return. However, these uncertainties measured by the variances are changing 
overtime. It is not until recently that applied researchers in financial and monetary 
economics have started to explicitly model time variation in second moments. One of 
the most prominent that has emerged for characterizing such changing variances is the 
Augoregressive Conditional Hereroskedasity (ARCH) model of Engle (1982) and its 
various extensions. 
The GARCH specification is commonly used in the finance literature. For 
example, highly significant test statistics for ARCH have been reported for individual 
stocks returns by Engle and Mustafa (1992). Poterba and Summers (1988) also uses the 
GARCH model to investigate the persistence of shocks to the variance of stock market. 
It suggests that for multi-period assets like stock shocks have to persist for a long time 
for a time varying risk premium to be able to explain the large observed fluctuations in 
1 
the stock market. In Bollerslev, Engle and Wooldridge(1988) a multivariate GARCH 
model is used in the implementation of a CAPM model for a marker portfolio 
consisting of three assets in order to analyze the mean variance tradeoff among the 
three assets. 
While the GARCH specification is commonly used in the finance literature for its 
merit, ^ it is applied only a few times in the real estate research. Chinloy et al. (1997) 
estimate GARCH (1,1) models for monthly housing price series in the United States to 
test appraisal smoothing. Brown and Ong (2001) use GARCH (1,1) model to analyze 
the cross correlation coefficients of a sample of the properties. 
The purpose of this paper is to examine the dynamic interaction between the 
housing price and the housing trading volume. The interactions between the housing 
price and the trading volume are used as an illustration. It is a well-studied topic. In 
order to control for the effect of macroeconomic factor, we introduce some macro 
variables in the VAR model. We also compare the case with and without the GARCH 
effect in order to estimate the effect of uncertainty on the housing market. We first have 
the overview on the distribution of housing price and the housing trading volume. 
I The application of GARCH model in the financial area can be seen in Engle (2001). 
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Secondly, the GARCH (1,1) model will be employed to estimate the conditional 
variance (HHAT) of rate of change of monthly housing price (or the Rate of Return). It 
can also be used to examine the existence of the GARCH effect in the Hong Kong 
residential market. Moreover, the conditional variance computed in the GARCH model 
will be used in the VAR model to see the relationship between the conditional variance 
(HHAT) and the other housing and macro variables. Finally, the impulse response will 
be employed to study the sensitivity of the housing price and trading volume responds 
to shocks, such as innovations in the unemployment rate, the interest rate, or 
unexpected changes in the housing price and housing trading volume itself. 
The Hong Kong real estate market is chosen with reasons. It is one of the most 
active markets all over the world, even more active than US market.� On top of the high 
activeness, the tax system of Hong Kong is simple and stable, which contribute to 
simplify the analysis.^ There is no capital control in Hong Kong and the exchange rate 
against the U.S. dollar is maintained fixed throughout the sampling period Therefore, 
foreign investors could also participate in this market. 
The result of this paper suggests that the impulse responses of variables such as 
2 For instance, see Leung and Leong (2002). 
3 The comparison of activeness between Hong Kong and United State real estate market can be seen in 
3 
are different when the GARCH effect is taken into account. In order to control for the 
effect of macroeconomic factors, the VAR model is employed to estimate the 
interaction between the housing and macro variables. The GARCH effect is significant 
in some equations, as reported in Chapter 5. The analysis of the impulse responses 
supports that the GARCH effect is important for studying the dynamic interaction 
among variables of housing market. 
The remainder of the paper is organized as follows. CHAPTER 2 contains a 
literature review. In CHAPTER 3，we further study the detail of tests and models used 
in this paper. CHAPTER 4 describes the data set. CHAPTER 5 contains the empirical 
results. CHAPTER 6 concludes. 




This section reviews the literature on the application of GARCH model. To our 
knowledge, only a few contributions have applied GRACH models in the real estate 
research, while it is already well accepted in the Finance literature. Therefore, it is 
instructive to include some financial market literatures to enhance our understanding. 
This section will be divided into three parts. The first part will review the property 
literature and the second one will review the financial market on the GARCH 
application. In the third part will discuss other statistical tools employed by this paper 
such as impulse response. 
2.1 Real Estates Literature 
In the real estate market, the GARCH model is has become popular in recent years. 
It is mostly applied to examine the issue about appraisal smoothing. In this subsection 
these related literature will be reviewed. 
Several specific features of the real estate, such as the heterogeneity and 
infrequent trading of the housing units, making that real estate must be valued or 
appraised at regular intervals in order to evaluate the performance of real estate assets 
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involved in an investment portfolio. However, the true volatility is understated by 
appraised value. The studies can be found in Ross and Zisler, (1991); Giacotto and 
Clapp, (1992). Such phenomenon is called appraisal smoothing. Understating the 
volatility can cause serious error for diversification and asset allocation. A low and 
underestimated real estate return volatility will cause excessive allocation real estate. 
The studies can be found in Giliberto (1992). Appraisal smoothing is usually detected 
by examining the first order serial correlation in the index return. Unsmoothing 
procedures is employed to remove the effects of appraisal smoothing. 
Recently, the GARCH model is employed to examine the effect appraisal 
smoothing. Chinloy et al. (1997) test the appraisal smoothing by estimating GARCH 
(1,1) models for monthly housing price series in the United States. Brown and Ong 
(2001) also suggest that the high level of smoothing is largely influenced by the effect 
of serial cross correlation and examine this phenomenon by analyzing the time series 
properties of a sample of individual property returns using the GARCH model. 
2.2 Financial Literature 
In this sub-section, the application of GARCH model in financial literature will be 
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introduced. 
ARCH effects and model specification 
ARCH effects are commonly found to be highly significant in equity markets. For 
instance, highly significant test statistics for ARCH for individual stock returns is 
reported by Engle and Mustafa (1992), for index returns by Akgiray (1989), and for 
futures markets by Schwert (1990a). Most empirical implementations of GARCH (p, q) 
adopt the low orders for the lag length p and q. It is found that such small numbers of 
parameter is sufficient to model the variance dynamics over very long sample periods. 
French, Schwert, and Stambaugh (1987) analyzed the daily S&P stock index data for 
1928 to 1984 only by 4 parameters in the conditional variance equation is one of good 
example. Although the low order GARCH model application is well accepted by the 
financial literature, there is some exceptions. For example, ARCH (3) model are 
employed by Bodurtha and Mark (1991) and Attanasio (1991) to analyze the portfolios 
of monthly NYES stock returns and monthly excess returns on the S&P 500 index 
respectively. 
Moreover, a series of paper analyze the importance of adjusting for ARCH effect 
in the residuals from conventional market models. It includes Morgan & Morgan 
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(1987), Bera, Bubnys and Park (1988)，Diebold, Im and Lee (1988), Connolly (1989)， 
and Schwert and Seguin(1990). It is argued that inferences can be seriously affected by 
igorning the ARCH error structure. For instance, Morgan & Morgan (1987), which 
study the small firm effect, find that correcting for the conditional variance in returns 
from portfolios long in small and short in large firms reduces the estimate of market risk 
and increases the estimate of the abnormal return. 
Nonlinear ARCH and the leverage effect 
Black (1976) has reported a negative correlation between current returns and 
future volatility. An economic explanation suggested by Black (1976) and supported by 
Christie (1982) is the leverage effect. A reduction in the equity value would raise the 
debt to equity ratio, and then raise the riskiness of the firm by increasing future 
volatility. It is the so-called leverage effect. The future volatility will then be negatively 
related to the current return on the stock. The linear GARCH (p, q) model is 
unable to capture this dynamic pattern because the conditional variance is only related 
to the past conditional variances and squared innovations. As the innovation is squared, 
the sign of returns cannot affect the volatilities. This limitation of the standard ARCH 
specification motivates the development of EG ARCH by Nelson (1990c). In EGARCH 
model, the volatility does not only depend on the magnitude of the past surprises in 
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returns but also on their corresponding signs. The empirical support for this ARCH 
specification can be found in Nelson (1989, 1990c). 
The leverage effect is further discussed in Kupiec (1990). Kupiec test the leverage 
effect by adding a stock price level into the variance equation of a linear GARCH (p, q) 
model. The coefficient is insignificant but it may be due to a failure to adjust for the 
strong trend in the price level. However, Gallant, Rossi and Tauchen (1990) provide the 
empirical evidence to prove that when conditional on past trading volume together with 
past returns, the leverage effect in the daily NYSE is no longer statistically significant 
by using semi-parametric estimation techniques. This finding could be explained by the 
fact that the estimated leverage effect is attributable to a few outliners which become 
less influential in a bivariate setting or with a fat tailed distribution; it can also be seen 
in French (1990). There is some further empirical work along these lines, which include 
individual stock returns, and it is very informative. 
It is worthwhile to note that the strong negative correlation between current return 
and current volatility in the stock market can only be partially explained by the leverage 
effect. Black (1976) and Chirstie (1982) are good example. Other than the negative 
correlation between current return and the future volatility explained by the leverage 
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effect, the fundamental risk一return relation predicts a positive correlation between 
future returns and current volatilities in stock. French, Schwert, and Stambaugh (1987) 
and Campbell and Hentschel (1990) provide the alternative explanation for the 
volatility feedback effect. 
2.3 Impulse Response 
Impulse response analysis is a technique used to measure the effects of shocks on 
the future states of a dynamical system. In the VAR (p) model, two different impulse 
response functions can be used. The first one is the orthogonalized impulse response 
function suggested by Sims (1980). The second one is the generalized impulse response 
function purposed by Koop et al. (1997) and Pesaran and Shin (1997). 
The orthogonalized impulse responses are not unique and depend on the particular 
ordering of the variables in the VAR model. The orthogonalized impulse responses will 
be invariant to the ordering of the variables when the covariaiice matrix of the shocks is 
diagonal or almost diagonal. Recently, the generalized impulse response function 
suggested by Koop et al. (1997) and Pesaran and Shin (1997) is to circumvent the 
problem of the orthogonalized impulse response function depending on the orders of 
the VAR model. The generalized impulse response function was initially created to deal 
with the problem of impulse response analysis in the nonlinear dynamical system. Now 
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it can also be applied to multivariate time series models such as the VAR. 
The application of impulse response analysis can be easily found. For instance, 
Tauchen, Zhang and Liu (1996) use the dynamic impulse response analysis to 
investigate the interrelationship among stock price volatility, trading volume and the 
leverage effect. Owen and Jeremy (1999) use the dynamic impulse response analysis to 





This section explains the empirical tests and model used in the study. First, 
the augmented Dickey-Fuller test is used to verify the stationarity of the different 
time series. Second, the Autoregressive Conditional Heteroscedasticity 
(ARCH) Test will be applied to verify the existence of the ARCH effect. 
Third, we use the GARCH model estimated to compute the conditional 
standard errors. The conditional standard error will be used as one of the 
variables in the VAR model in order to explore the relation among housing 
and macro variables. Finally, we will compute the impulse response to see the 
effect of different shocks of the economy. 
3.1 Augmented Dickey-Fuller test 
ADF test is commonly used to check whether the time series data is trend 
stationary or not. Consider the univariate AR (1) process 
yt=o. + (l-O) 6t + Oy," + et, 
1 2 
where et is ). I f - 1<0 <1, it is trend stationary, while if O = 1, it is 
difference-stationary with a non-zero drift . We can distinguish the difference-
stationary process from the trend stationary series by using a (one-sided) test of the 
null hypothesis of a unit AR root against the alternative of stationary: 
Ho： O = 1 against Hi： O < 1. 
It is important to note that when using the t-statistic for testing 0 = 1, the critical 
values of the non-standard Dickey-Fuller unit root distribution should be used. 
In the more general case where the disturbances, et, t=l,2,...，n are serially 
correlated, we should use the augmented Dickey-Fuller (ADF) unit root test 
statistic, which is proposed to accommodate error autocorrelation by adding 
lagged differences of yt： 
乂 = a + (1-0) 5t + <J>yt.j + 少 + et. 
It can also be rewritten as 
^y, =a + p5t - py,.i + i^iIp+iytV/./ + Ct, 
where the null is now Ho： p = 1 - O = 0 and the series is stationary if the null 
hypothesis is rejected. 
Before carrying out the unit root tests, the order of the ADF regression needs 
to be selected. There is two different model selection criteria. They are Akaike 
1 3 
information criterion (AIC) and Schwartz Bayesian criterion (SBC). In this study, 
SBC is employed to choose the suitable lag length because it has superior large 
sample properties. AIC tends to select an overparameterized model while SBC is 
asymptotically consistent when the sample size approaches infinity. 
3.2 GARCH Model 
Generalized Autoregessive Conditional Heteroskedasticity (GARCH) model 
is employed to compute the conditional standard errors of the time series data. In 
this study it is employed to compute the conditional standard errors of the housing 
price. Firstly we use the ARCH test to check whether there is an ARCH effect or 
not. We consider the following AR (1) model for the monthly housing price : 
Alog(HPt) = Po + Pilog(HPt-i) + |it 
to test for ARCH effects in the conditional variance of }it, (ht^ = Var(|j_t | ^^t-i)) 
where Ufi is information at the previous period. The ARCH (q) specification for ht 
2 is given by 
ht^ = Po+Pmt-l^ + +...+ Pq|^ t-q2. 
The null hypothesis is that there is no ARCH effect 
Ho： pi =p2= ... =Pq=0. 
1 4 
If the Lagrange Multiplier statistics is well above the 95% critical value of 
Chi square distribution, the hypothesis that there is no ARCH effect can be 
rejected. 
Bollerselv (1986) generalizes the ARCH model into the GARCH (p, q) 
Model, where the conditional variance is 
ht^ = Po + j=lZpPj^t/ + j=iZqPj^it-/. 
In our context, we estimate the variance of the monthly housing price 
{ 
(5i by assuming the rate of change of the monthly average housing price follows 
a GARCH process. Define DYPt as the rate of change of average housing price 
over month t. We assume that the conditional mean of DYPt follows an 
ARM A (1,1) process 
DYPt = po+f3i DYPt_i + p2St-i + St, 
and the conditional variance of DYP follows a GARCH(1，1) process 
= ao + ai8t.i^ + a2CJt-i2. 
The assumption that the aggregate returns exhibit heterogeneity in variance is 
motivated by the well accepted concept that the aggregate index returns follow 
GARCH processes. Here we simply replace the aggregate stock index with the rate 
of change of housing price. 
1 5 
3.3 VAR Model 
In this study, the augmented vector autoregressive (VAR) models will be 
employed to explore the cross-time relationship between the macroeconomics and 
housing variable. We consider the following augmented VAR model: 
Zt = ao + ait + i=iIp(DiZt.i + 平 Wt + Ut 
=A'gt+ Ut, 
where Zt is an mxl vector of jointly determined dependent variables and Wt 
is a q X 1 vector of deterministic or exogenous variables. 
This equation can be written in matrix notation. 
Znxm = Gnxs Asxm + Unxm， 
where s = m + p + q + 2, 
Znxm — (Zl，Z2,.... ,Zn) 
Amxs, = (ao, a,, Oi , 0 2 , . " . . � p， 
G nx( mp + q + 2) = (Vi, t n ， , Z-2, ，Z .p, W), 
where in &tnare the n dimensional vectors (1’1,...,1), and (l,2,...,n)，，respective, 
and 
Wnxq=(Wi, W2,....,Wn)', 
The ML estimators of A and S are given by 
1 6 
A* = (G'Gy'G'Z 
and 
I * = n-i(Z-GA*)，(Z-GA*). 
The maximized value of the system's log-likelihood function is given by 
1(A*, I*) 二 - nm/2(l + log In) - n/2 log |E*|. 
The covariance matrix of the coefficients of the individual equations in the VAR 
model are computed using the standard least squares formula, making the usual 
degrees of freedom correction; namely 
I * = (n-s)-i(Z - GA*)'(Z - GA*). 
The individual equation of log-likelihood function, R square, R bar square, and 
other summary and diagnostic statistics for individual equations are also computed 




This section describes the data used in this research. The housing data provided by 
the Economic Property Research Center (EPRC), a subsidiary of the Hong Kong 
Economics Times. The data files of EPRC are originally purchased from the Land 
Registry Department of the Hong Kong government. The data set contains several 
kinds of information. The name, the transaction date, the transaction price and the 
transaction date, the transaction price and the construction area are all provided. The 
longest available series are from January 1992 to December 2001. This research 
focuses on the 46 large private residential estates, which is most frequently traded in the 
EPRC data set. 
Data Selection Criteria 
The data is selected by the criteria on the availability. Some records in the EPRC 
does not provide the information about the construction area and the transaction price. 
If the number of such records captures greater than 5 % of total records in one estate, 
this estate will be excluded from this research. Only 36 out of 47 estates can meet the 
data selection criterion. 
18 
For each selected estate, there is still some records missed the information about 
the housing price and the construction area. Such records are excluded from this 
research. Any other calculation related to the data set also follows this criterion. 
Moreover, transaction records are grouped in the monthly base to provide for the 
monthly analysis. 
In order to avoid the problem of double counting, only the data of Agreement for 
Sales and Purchase (ASP) contract are used. The reason is that in the process of 
Housing transaction, several contracts will be signed. The other contracts, such as 
Provisional Agreement for Sales and Purchase (P-ASP) and Assignment (ASSGT), are 
also included in the EPRC data. However, not all contracts are necessary to the 
transaction in Hong Kong. Only the ASP contract must be signed in each transaction. 
Thus, focusing on the ASP contract can avoid double counting without missing any 




This section examines the relation between the average housing price, trading 
volume, conditional variance of housing price, and two macro economics variables, the 
interest rate (Prime rate) and unemployment rate. The empirical results are presented in 
the following order: The overview for the dataset and the ADF test result of the five 
variables will be presented first. Then the GARCH model will be used to compute the 
conditional variance of the housing price. Third, the conditional variances computed in 
the GARCH model will be used in the VAR model in order to explore examine the 
relationship between the five variables. Finally, the impulse response will be employed 
to examine the effect of the unit shock from equation of different variables. 
Before the empirical results are presented, a brief explanation of variables used in 
this research is displayed first. Two types of variables will be used in this research. 
They are housing variables and the macro economics variables. The housing variables 
include the detrended the average housing price (DYP), the detrended trading volume 
(DYNO) and the detrended conditional variance of housing price (DYHHAT), since the 
original time series are all non-stationary. The macro economics variables include the 
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detrended interest rate (DYRATE)' and the detrended unemployment rate (DYUE). 
The detail definitions of these variables are shown in Appendix 1. 
5.1 Overview for the data set 
In this section we will have the overview for the data set. Figure 2 to Figure 5 
shows the first to the forth moment of housing price overtime. We can see there is an 
increasing trend for the average housing price before 1997 and a downward trend for 
the average housing price afterwards. There is no obvious trend for the standard 
deviation of the housing prices overtime. The third and forth moment of housing prices 
display notably large fluctuation after the 1999. 
Figure 6 to Figure 11 demonstrate the comparison between different moments of 
the size of the housing units being traded ("Area") over time. The average area is not 
highly correlated with the other moment of area. However, the standard deviation of 
area has the similar trend with the skewness and kurtosis of area at some time. It is also 
obvious that the skewness and kurtosis of area are highly correlated and have the same 
trend over all the period. 
‘In Hong Kong, there is no published series for best lending rate (for mortgage). Therefore, we use prime 
rate to represent the interest rate faced by the owner-borrowers. 
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Figure 12 to Figure 17 display the comparison among different moments of Price 
over time. The average price is highly correlated with the standard deviation of prices, 
but not the higher moments. The average price co-moves with the standard deviation of 
price over all the period. The standard deviation of housing prices is neither correlated 
with the skewness nor the kurtosis of prices. It is quite interesting that the skewness and 
kurtosis of price are highly correlated with each other, as in the case of area. 
Figure 18 to Figure 21 shows the comparison between area and price at the same 
moment. We can see that there is not any obvious relationship among the area and price 
at the same moment. The summary statistics for the correlation coefficient among 
different moment of price and area is shown in Table 1. 
5.2 ADF Test 
First, the stationarity of different variables are verified by Augmented 
Dickey -Fuller test (ADF test). Table 2 presents the test results. For the monthly data, 
the ADF test suggests that all the housing and macro are stationary. 
5.2 GARCH model 
In this sub section, the GARCH model will be employed to estimate the 
conditional variance of housing price. We assume that the conditional mean of the 
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detrended housing price DYPt, follows an ARMA( 1,1) process 
DYPt = Po+Pi DYPt.i + p28t-i + Et, 
and the conditional variance of DYP follows a GARCH(1,1) process 
cTt^  =ao + ai8t.i^ + a2at.i^, 
by assuming that the rate of change of housing prices exhibit heterogeneity in variance. 
As a preliminary test for heteroskedasticity in the variance of our data, we apply the 
Lagrange Multiplier test for ARCH, the statistics on one lags is 5.4470 and reject the 
null hypothesis that there is no ARCH effect at 95% critical level. Similarly, the F 
statistics is 5.5654, which also can reject the null hypothesis at 95% level. The results 
show that the rate of change of the average housing price exhibits heterogeneity in the 
conditional variance. Then we start to estimate the GARCH (1,1) model by maximizing 
the log likelihood function. The maximum likelihood estimates for the GARCH model 
for the rate of change of average price are given in Table 4. The results show that the 
parameters in the conditional variance are not significant, implying that the model 
follows an ARCH (1) process. Figure 22 shows the estimated conditional variance 
based on the ARCH (1) specification. The conditional variance shows high volatility 
during end of 1997 to beginning of 1998. This is shortly after the Asian financial crisis 
and prior to the collapse of the property market during 2000. The subsequent lower 
volatility from 1998 to first half of 2000 may reflect the lack of activity experienced in 
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the market during this time. After 1997, the price of property falls near 50% and the 
total number of trading greatly decreases. The trend for total sales of housing in Hong 
Kong is shown in Table 5. This is a very dramatic, if not fundamental, change in the real 
estate market. The market seems to assimilate the fact of this change very quickly, and 
the conditional variance rises up once again during second half of 2000 to 2002. The 
profile of conditional variance shown in Figure 22 is, therefore consistent with the 
observed changes in the marke t . . 
5.3 VAR model 
Our ultimate goal is to study the dynamic interaction between the housing price 
and the trading volume in the presence of the GRACH effect.^ However, the 
movements in housing prices or trading volume might be induced by the change of 
macroeconomic cycles rather than housing market-specific reasons. To provide a 
minimum amount of control for these complicated interactions, macro-economics 
variables are introduced in the model. The interest rate variable is introduced to capture 
the credit market situation and the unemployment variable is introduced to capture the 
2 Leung, Lau and Leong (2002) study a sample of 35 estates in Hong Kong and find that most estates 
display positively significant correlations among the prices and corresponding trading volumes, while a 
small set display negatively significant correlations. This paper enlarges the set of estates and extends the 
sampling period, and focuses on the aggregate housing price-trading volume correlation. 
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labor market situation.� From this simple VAR model, several things will become 
transparent: 1) price's response to change in housing trading volume and price volatility; 
2) trading volume's response to change in housing price level and volatility; 3) housing 
price volatility's response to change in housing trading volume and price level; and 4) 
housing variables' responses to contemporaneous economic shock. 
There are 5 variables included in this model. They are the detrended average 
housing price (DYP), the detrended trading volume (DYNO), the detrended conditional 
variance of housing price (DYHHAT), the detrended interest rate (DYRATE) and the 
detrended unemployment rate (DYUE). Notice that the detrended housing price can 
also be interpreted as the rate of return of investing in housing. 
We now consider the problem of selecting the order of the multivariate VAR 
model. The two criteria, the Akaike (AIC) and the Schwarz (SBC) criteria are 
employed to select the order of VAR model. The result of test statistics can be seen in 
table 6. All the 12 VAR (p), p = 0, 1，2,...,12 models are estimated over the sample 
period, namely 1992 to 2001 , as to be expected the maximized values of the 
log-likelihood function given under the column headed increases with p. However, the 
Akaike (AIC) and the Schwarz (SBC) criteria select the orders, 11 and 1, respectively. 
3 Leung and Leong (2002) find that the unemployment rate is robustly correlated with several different 
indicators of housing price dispersion. 
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Notice that it is quite usual for the SBC to select a lower order VAR as compared with 
the AIC. The sample is not suitable for such large lagged model as VAR (11) because 
the period is not long enough. As a result, VAR (1) is the model chosen in this research. 
Appendix 2 provides the details of our model specification. The full sample period 
is from 1992 to 2001. First, we run the VAR (1) for the full sample in order to explore 
the dynamic interaction among the real housing price, price volatility, trading volume, 
unemployment rate and interest rate. 
Second, we want to ask one question that is relevant to both policy makers and 
academics: does the interrelationship among these five variables change after the 
financial crisis and broken bubble economy in 1997. To explore the answers for this 
question, we split the sample into two parts. The first part is for the sample period from 
1992 January to 1997 October. The second part is for the sample period from 1997 
November to 2001 December. It is convenience for us to see the dynamic interaction 
among these variables before 1997 financial crisis and its difference with those after 
1997. Previous research has found that indeed volatilities can change over time.4 In 
Gulnur, Hakan and Kivilcim (1999), determinants of risk and return are investigated 
4 For instance, see Blair, Poon and Taylor (2001). 
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before during and after a major financial crisis in the Turkish stock market. The finding 
is that both the determinants of risk and the risk-return relationship change as the 
economy switches from one regime to the other. This suggests that an analogous 
change could also happen in the real estate market in Hong Kong after the Asian 
financial crisis. 
Model Estimate for full sample period 
Estimates from the VAR model for the full sample are reported in Table 7, and 
Table 11 reports a series of diagnostic test. In the first column, it shows the coefficient 
of one lagged value of five variables in the equation that its dependent variable is 
DYNO. In the DYNO's equation, only the one period-lag ofDYNO is negatively 
significant. It implies that the trading volume is only negatively influenced by itself at 
the previous period. In the DYP's equation, the coefficients of one period-lag of DYP, 
DYUE and DYHHAT are significant. Not only the detrended housing price in the past 
has impact on the current housing price, but also the conditional variance of the prices 
and the unemployment rate of the economy would affect the current price as well. The 
coefficient of one period-lag of DYP in the DYP's equation is negative. If we interpret 
the detrended housing price as the rate of return of housing, the result simple means that 
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the rate of return in housing has some mean-reverting tendency.^ The coefficient of 
DYHHAT is positive means that the increase in volatility in the past period will raise 
the housing price returns. However, magnitude of this coefficient is very small implies 
that the housing price is not largely influenced by the housing price in the past period. 
The negative significance of coefficient of DYUE implies that the housing price level is 
sensible to the economic shock. In the DYUE's equation, all of the coefficients are 
insignificant implies that changes in housing market and interest rate will not affect the 
employment in the short period. 
In the DYHHAT's equation, the coefficients of DYP, DYNO and DYUE are 
significant. It implies that the housing price volatility is influenced by the housing price 
returns, the trading volume and the unemployment rate in the previous period. The 
negativity of the coefficients of DYP and DYNO in DYHHAT's equation shows that 
the conditional variance of the housing prices will actually rise with a reduction in the 
housing market activities. This result may sound non-intuitive but it is not totally 
impossible. In the finance literature, it is well documented that negative shocks on 
return may have a different impact on volatility (Black, 1976; Nelson, 1991; Zakoian, 
1994) According to Black (1976), negative shocks increase volatility more than 
5 There is a large literature in finance on whether there is a mean-reverting component in the stock return 
since the publication of Fama and French (1988), Kim, Nelson and Startz (1991). The investigation of 
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positive shocks of equal magnitude do ("leverage effect"). For the US market, French et 
al. (1987) and Campell and Hentschel (1992) report a positive relationship between the 
stock return and its conditional volatility whereas Nelson (1991) and Glosten et al. 
(1993) find a negative one. The relationship between the asset return and its conditional 
variance is apparently inconclusive. The coefficient of DYUE in the DYHHAT's 
equation is negative. An increase in the unemployment rate means that there is a 
decrease in the potential buyers and therefore the sellers are more willing to accept 
lower prices and hence the conditional variance decreases. 
In short, the results from the full sample period support the conclusion that the 
housing price volatility is largely influenced by the housing price return and trading 
volume in the past period. It also has great impact on the future housing price return. 
Model Estimate for the first period (1992-19970ct) 
To explore this further, we break the sample into two sub-periods. The period 
from 1992 to 1997 October is the first sub-sample. Estimates from the model are 
reported in Table 8. In the DYNO's equation, the coefficient of one period- lag is not 
significant although the sign of coefficient remains unchanged. This insignificance may 
mean-reverting property in housing return is surveyed by Gatzlaff and Tirtiroglu (1995). 
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be due to excluding the continuous downward trend in trading volume after 1997. On 
the other hand, the coefficient of the DYHHAT in the DYNO's equation is significant 
and it is in contrast to the insignificance in the full sample estimation. The coefficient of 
the DYHHAT in the DYNO's equation is negative means that potential housing buyer 
will delay their house purchasing when the conditional variance of prices increases. In 
the DYP's equation, all of the coefficients that are significant in the full sample 
regression are insignificant in the first sub-sample. It may be due to the smaller sample 
size or there is a structural change in the housing market after 1997. In the DYUE's 
equation, the coefficient of lagged DYP is positively significant. It means that before 
1997，an increase in the housing price, probably reflecting an increase in the 
expectation of the economy in general, would reduce the unemployment rate. However, 
this effect disappears in the full sample, which suggests that after the Asian financial 
crisis, such "expectation-link" between the housing market and the labor market is 
broken. 
In the DYHHAT's equation, all the coefficients except the coefficient of one 
period- lag of DYHHAT are insignificant. It is inconsistent with the case of full sample 
period. This results provides the evidence for our suggestion that the significant 
negative coefficient of DYNO and DYP in the full sample is caused by the expectation 
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for the housing price reduction in the near future after 1997. The coefficient of one 
lagged value of DYHHAT is significant and negative. It may imply that the housing 
volatility have a converging trend in the first sample period as the increase in housing 
volatility is followed by the decrease in the next month. The result is consistent with our 
finding in the GARCH model estimation. 
In short, there are many differences between the results of full sample period case 
and those of first sample period case. It can be explained by two reasons: 1) smaller 
sample size and 2) the effect in the full sample case most come from the period after 
1997. It supports our suggestion that the dynamic interaction between the housing 
variables can be related to continuous downward adjustment after 1997. 
Model Estimate for the second sample period (1997Nov - 2001) 
In the second sample period case, the result is quite similar to the full sample 
period case. Estimates from models for the full sample are reported in Table 9. Some 
coefficients have a larger magnitude than it has in the full sample period case. It reflects 
that the most obvious significance of the coefficient come from the period after 1997 
and is partially offset by the opposite effect in the first sample period. The larger 
magnitude of coefficient in the second sample case compared with the full sample case 
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implies that the relationship among the variables is closer in the second sample periods 
case. This result is consistent with our suggestion that the relationship among the 
housing variable can be related to the continuous downward adjustment after the 1997. 
Although the coefficient of DYP in the DYHHAT's equation is not significant, it may 
be due to the small sample size. The negative coefficient of DYNO is still highly 
significant proves that the large reduction in the housing trading volume, that is, the 
housing demand in the past period will raise the housing volatility. It is consistent with 
our suggestion that the potential buyer will be unwilling to buy the house during the 
continuous downward adjustment and the offer of lower price by the seller will enhance 
the faster adjustment of housing price. The faster adjustment of housing price will raise 
the housing price volatility. 
Although the result of second sample period case is quite similar to those of full 
sample period case, the little difference still exists. In contrast to the full sample result, 
the coefficient of DYHHAT in DYP's equation is never significant. It can be explained 
by the originally small magnitude of this coefficient in the full sample case. It is easily 
disappear due to the smaller sample size. The coefficient of DYP in the DYUE's 
equation is significant. This result is inconsistent with the full sample period case but 
consistent with the first sample period case. It is significant both in the first sample 
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period and second sample period but insignificant in the full sample period case. It can 
be explained by the effect in the first and second sample period is opposite which is 
supported by the negative coefficient in the first sample period case and the positive 
coefficient in the second sample period. 
5.4 Impulse Response 
In this subsection we use impulse response analysis to compute the impulse 
response of housing variables (DYHHAT, DYP and DYNO) for the effect of unit 
shocks (equal to one standard error) to different equation within the VAR (1) model 
analyzed in the earlier section. We will test whether that the covariance matrix of the 
shocks is diagonal or not. If they are diagonal, then only the orthogonalized function 
should be used. If not, then both functions should be used. We test the hypothesis that 
Ho: Gij = 0 for all i, j and i, j =1,2,.. ..,5 
against the alternative that 
Hi : Gij 关 0 for all i, j and i, j =1,2,.. ..,5, 
where aij stands for the contemporaneous covariance between the shocks in the 
equation of variable i and variable j. 
One possible method of testing the above hypothesis is to compute the log likelihood 
ratio statistic 
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e(Ho|Hi) = 2(LLu-LLR), 
where LLu and LLR are the maximized values of the log likelihood function under Hi 
(the unrestricted model) and under Ho (the restricted model) respectively. 
The LLu is computed by the computer and the result is 
LLu = 409.14 
To compute the restricted log likelihood value, LLR we first note that under Ho : 
L L R = LLDTNO + L L D Y P + LLDYUE + LLDYHHAT + LLDYRATE 
where L L D T N O , L L D Y P，L L D Y U E , LLDYHHAT and LLDYRATE are the single equation log 
likelihood values of the equations for DYNO, DYP, DYUE, DYHHAT, DYRATE, 
respectively. We compute it by computer and we obtain the result that 
DYNO = -57.41 DYP = 113.13 DYUE = 116.68 DYHHAT = 26.58 
DYRATE = 205.08 
and thus LLR = 404.08. 
Therefore, 
1 
e (HolHi) = 2 ( L L U - L L R ) = 2(5.06) = 10.12 
and 6 (Ho|Hi) is asymptotically distributed as a ^ variable with 5 degrees of freedom. 
The 95% critical value of the ^ distribution with 5 degrees of freedom is 11.81. 
Therefore, the null hypothesis that the shocks in different equations are 
contemporaneously uncorrelated cannot be rejected. As the hypothesis that the 
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covariance matrix of the shocks is diagonal cannot be rejected, the orthogonalized 
impulse responses will be invariant to the ordering of the variables, and hence the 
orthogonalized impulse response method will be used. The detail of the test statistics 
can be seen in the Table 12. 
The Figure 23 to Figure 27 depicts the impulse response of the three housing 
variables, DYNO, DYP, DYHHAT to one SE shock in a equation ofDYNO, DYP, 
DYUE, DYHHAT, DYRATE respectively. Some regularities emerge from these mental 
experiments. Firstly, all the housing variables die out very quickly. In other words, their 
response is short lived. Secondly, the housing variable, especially for DYNO and 
DYHHAT, is always overshooting and undershooting. They will respond excessively 
and will not converge to the original levels. Instead, they pass through the zero line and 
need the further adjustment to restore to the zero line. Thirdly, DYHHAT tends to be 
more responsive and more volatile than the DYP and DYNO. In addition, we also find 
that the DYNO and DYHHAT always have synchronized movement. They always 
move and die out at the same time in response to the shock in the equation. In response 
to the shock in the most equation except DYUE equation, DYP, DYNO and DYHHAT 
move at the same direction. However, the DYHHAT tends to move at the opposite 
direction with DYNO but the same direction with DYP in response to the shock in 
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face the shocks in a different equation. Finally, the effect of a unit shock to the 
DYHHAT has only a small impact on the DYNO and DYP and this effect dies out very 
quickly. It seems to suggest that DYHHAT is not an important player in the housing 
market in the sense that DYHHAT is only influenced by the other housing variable but 
can not affect the others. This result is consistent with our finding in the VAR analysis 
earlier. The insensitivity of the housing market to the change in the housing price 
volatility may be related to the continuous upward trend of housing price before 1997 
and continuous downward trend after1997. The one direction movement of housing 
price gives the potential housing buyer the expectation that the price will still move on 
the same direction. As a result, they do not consider the housing price volatility as an 
important factor for their housing consumption plan because they always expect the 
price will go up in the near future. It explains why the housing price and trading volume 
is insensible to the change in housing price volatility. 
To see the importance of GARCH effect, here compares the impulse responses of 
different variables to different shocks in the VAR models for the full sample case, with 
DYHHAT and without DYHHAT. The details are shown in Appendix 4. (The details 
for the first sub-sample case and second sub-sample case can be seen in Appendix 5 and 
Appendix 6). These figures depict a dramatic difference in the implied reaction of the 
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same variables in the VAR model with DYHHAT and the VAR model without 
DYHHAT to different shocks. It included the implied reaction of DYRATE to trading 
volume shock; the implied reaction of DYNO, DYUE and DYRATE to housing price 
shock and the implied reaction of all the variables to interest rate shock. Also, it should 
be noticed that the VAR model without the GARCH effect does not always 
under-estimate or over-estimate the impulse responses. The implied reaction of 
DYRATE to trading volume shock and the implied reaction of DYNO, DYUE and 
DYRATE to housing price shock is underestimated in the VAR model without 
DYHHAT. On the other hand, the implied reaction of all the variables to interest rate 
shock is overestimated in the VAR models without DYHHAT. This difference shows 
the interrelationship among the housing and macro variables will vary when the 
GARCH effect is taken into account. Thus, it is important to include the GARCH effect 
in the characterization of the housing market dynamics. The VAR model make us easier 
to see the interrelationship among these variables in the VAR model as all variables are 





This thesis employs the data of the Hong Kong property market to examine 
. the dynamic interaction between housing price and trading volume. The results of 
GARCH model suggest that the GARCH effect exist in the housing market. There 
are several relationships identified by the VAR analysis: (1) the current housing 
trading volume is negatively related to the past housing trading volume and 
positively related to the past unemployment rate; (2) the current housing return is 
positively related to the past housing price conditional volatility and is negatively 
related to the past housing return and the past unemployment rate; (3) the current 
housing price conditional volatility is negatively related to the past housing trading 
volume and the past housing return; (4) the current unemployment rate is 
negatively related to the past housing trading volume, the past housing return and 
is positively related to the past housing conditional volatility and the past 
unemployment rate; (5) the interest rate in the current period is negatively related 
to the past unemployment rate and the past interest rate. 
It is quite interesting that the current interest rate is significantly influenced 
by the past unemployment rate. As Hong Kong adopted linked exchange rate 
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system, the interest rate is perceived as an exogenous variable determined by the 
United States. Therefore, it is difficult to interpret that the (local) unemployment 
rate in the previous period will have an impact on the current period interest rate. 
There are two possibilities that are not entirely exclusive. First, although Hong 
Kong adopts the Link Exchange Rate System, it still has some monetary autonomy 
due to the Currency Board arrangement. Second, people in the local economy 
forecast the future change in foreign countries, such as the United States. For 
instance, the United States receives a bad shock in the economy. This would 
decrease the demand for goods exported from Hong Kong and hence the firms in 
Hong Kong will cut the employment and the unemployment rate in the economy 
increases. In the next period, the Federal Reserve of the United States cuts the 
interest rate to "stimulate" the economy. This forces Hong Kong to follow. 
Statistically, therefore, the previous unemployment rate would be negatively 
correlated to the current interest rate. However, the relationship should not be 
interpreted as a casual relationship, but rather movement cause by a third factor, 
which is the economic situation of the United States in this case. 
The result of impulse response analysis shows that most of the responses of 
the housing market variables to temporary shocks are short-lived, except to the 
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interest rate shock. It is quite reasonable since the interest rate is very important to 
the property market. The overshooting and undershooting of response implies that 
the housing variables react excessively to economic shock. The co-movements 
between the housing trading volume and housing price volatility also suggest the 
close relationship among the housing demand and risk. 
Future research can be extended in several directions. Some adjustments can 
be made on the GARCH model in order to obtain a more suitable model for the 
Hong Kong property market. Due to the availability of data, our research only 
includes data from 1992 to 2001, and future research should employ data sets with 
longer time series. Besides, this research only focuses on the residential housing. 
The result may be different by studying commercial property market. Further 
researches should be done in order to obtain a more complete picture. 
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Appendix 1. Variables Definition 
Housing Price Variable, ROR or DYP 
The housing price is necessary to compute the rate of return of housing investment. 
However, the housing price in Hong Kong growth dramatically over the past ten 
years. The growth rate of housing price is much faster than the consumer price 
index A. Fortunately, the real rate of return can capture housing price movement 
and is stationary over time. The real housing price is calculated as follow: 
P = Q/ CPI-A 
Q is the sum of average feet prices obtain from EPRC. The monthly Consumer 
Price Index A (CPI-A) is obtained from Hong Kong Monthly Digest of Statistics. 
The CPI-A is equal to 100 at 1990. 
After the real housing price is obtained, the real rate of return is constructed as 
follow: 
D Y P 二 ( P T - P T - I ) / PT-I 
Trading Volume Variable, DYNO. 
The most common trading volume variable is the number of transaction, No.. Most 
of the financial market literatures use the number of transaction as a proxy of 
trading volume] 
‘Among others, see Leung, Lau and Leong (2002) for a discussion. 
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Individual transaction record can be obtained from EPRC. No. is created by 
summing all the individual transaction within the same week or same month, 
depending on which frequency is required. 
DYNO is the detrended transaction. Its computation is similar to those ofROR or 
DYP: 
DYNO = (NOt - NOt-i)/ NOt-i 
Conditional Variance of housing price, DYHHAT. 
HHAT is the conditional variance estimated by the GARCH (1,1) model. 
DYHHAT is the detrended conditional variance. It is constructed as follows: 
DYHHAT = (HHATt - HHATm )/ HHATm 
Macro variables, DYUE and DYRATE. 
UE and RATE are the unemployment rate and prime rate respectively. Most 
mortgage contracts in Hong Kong are flexible rate contracts and the prime rate is 
the standard reference interest rate. The unemployment rate is chosen with an 
obvious reason. It reflects the situation of the labor market and thus the housing 
demand in the economy.^ The two time series are adopted from various issues of 
the Monthly Digest of Statistics, published by the Hong Kong Government. 
DYUE is the detrended unemployment rate. It is constructed as follows: 
DYUE = (UEt-UEt.i)/UEt.i 
2 For instance, Leung and Leong (2002) find that unemployment rate is robustly related to several 
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DYRATE is the detrended prime rate. It is constructed as follows: 
DYRATE = (RATEt - RATEm )/ RATEm 
While the data of monthly prime rate is available, monthly unemployment rate is 
not. The government only releases quarterly figures. This paper uses intrapolation 
method to construct the monthly unemployment rate. For example, if we want to 
calculate DYUE in March, the weighted average DYUE is calculated as follow: 
UEn,ar = (UEjan*2 + UEapril*l)/3 
where UEjan and UEgpri； is the rate of change in the first and second quarter 
respectively as the government figures are announced at January, April, July, 
October respectively 
DYUEt = (UEt - UEt.,)/UEt-i 
where UEt is the unemployment for the current quarter and UEm is the 
unemployment rate for the previous quarter. DYRATEt is calculated analogously. 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































‘ Table 10 
Summary for the Coefficient of VAR Model 
Dependent Variable 
Independent 
Variable DYNO DYP DYHHAT DYUE DYRATE 
DYNO(-l) I* 
FULL DYP(-l) 
SAMPLE DYUE(-l) + 料 -氺 * 
PERIOD DYHHAT(-l) +* + 料 




SAMPLE DYUE(-l) +** 
PERIOD DYHHAT(-l) — 






MODLE DYRATE(-l) +** 
CONSTANT 
+* (+**) implies the coefficient is positively different from zero at 90% (95%) 
confident interval 
-* (-**) implies the coefficient is negatively different from zero at 90% (95%) 
confident interval 
blank cells implies the coefficient is insignificant 
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Table 11 
Summary for the t-statistics of VAR Model 
Dependent Variable 
Independent 
Variable DYNO DYP DYHHAT DYUE DYRATE 
DYNO(- l ) -4 .0870[ .000] 0.383[.702] -2.229[.028] -2.504[.014] -L0809[.282] 
FULL DYP(-l) -0.079[.937] -3.806[.000] -L832[.070] -1.754[.082] 0.254[.800] 
SAMPLE DYUE(-l) 2.307[.023] -L949[.054] -0.767[.445] 11.516[.000] -3.103[.002] 
PERIOD DYHHAT(-l) -0.306[.760] 1.960[.053] -1.019[.311] 2.358[.020] 0.0295[.769] 
MODEL DYRATE(-l) -0.210[.834] -0.887[.377] 0.226[.822] 1.407[.162] 2L729[.000] 
CONSTANT -0.570[.570] -0.341 [.734] 0.505[.614] L023[.308] 0.534[.595] 
DYNO(-l) -L226[.225] 0.824[.413] 0.783[.437] -1.460[.150] -0.134[.894] 
FIRST DYP(-l) -0.254[.800] -0.839[.405] 0.062[.951] -L230[.224] -L034[.305] 
SAMPLE DYUE(-l) 3.092[.003] -0.715[.477] -0.055[.956] 4.873[.000] -1.818[.074] 
PERIOD DYHHAT(-l) -1.947[.056] -1.045[.300] -2.667[.010] L456[.151] 0.610[.544] 
MODEL DYRATE(-l) -0.838[.406] -0.198[.843] 0.156[.877] 2.229[.030] 12.555[.000] 
CONSTANT 0.238[.813] 0.503[.617] -0.104[.917] 0.173[.863] 1.287[.203] 
DYNO(-l) -2.702[.011] -0.690[.495] -2.177[.037] -2.903[.007] -0.919[.364] 
SECOND DYP(-l) -1.014[.318] -2.559[.015] -0.703[.487] -L892[.067] 0.196[.845] 
SAMPLE DYUE(-l) 0.627[.535] -1.279[.210] -0.629[.533] 13.796[.000] -1.600[.119] 
PERIOD DYHHAT(-l) L105[.277] -0.073[.942] -1.492[.145] 3.830[.001] -0.766[.449] 
MODLE DYRATE(-l) -0.135[.893] -0.974[.337] 0.872[.389] 0.788[.436] 10.199[.000] 
CONSTANT -0.904[.372] -0.506[.616] 0.674[.505] -0.046[.963] -0.287[.775] 
5 4 
Table 12 
The Result of Log-Likelihood test for Diagonal Covariance Matrix 
Log Likelihood statistics 
LU； 409 .14 
L U 404.08 
LLDTNO -57.41 
I X ^ “ 113.13 
LLDYHHAT 26.58 
LLDYUE 116.68 
LLDYRATE “ 205 .08 
e (HolHi) “ 
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Table 16 
Impulse Response to One Unit Shock in the Equation for DYHHAT 
Horizon DYNO DYP DYUE DYRATE 
DYHHAT . 
0 0 . 4 5 5 6 - 0 . 0 0 9 5 0 . 0 6 8 0 - 0 . 0 0 6 1 0.0001 
1 -0.1829 0.0101 -0.1010 -0.0094 -0.0004 
2 0.0471 -0.0039 0.0516 -0.0060 0.0006 
3 -0.0327 0.0050. -0.0061 -0.0041 0.0009 
4 0.0020 -0.0009 0.0073 -0.0027 0.0011 
5 -0.0076 0.0011 0.0029 -0.0016 0.0011 
6 -0.0016 -0.0001 0.0025 -0.0009 0.0011 
7 -0.0021 0.0001 0.0018 -0.0004 0.0011 
8 -0.0007 -0.0002 0.0012 -0.0001 0.0010 
9 -0.0003 -0.0002 0.0008 0.0001 0.0009 
10 0.0001 -0.0002 0.0005 0.0003 0.0007 
11 0.0003 -0.0002 0.0003 0.0003 0.0006 
12 0.0004 -0.0002 0.0002 0.0004 0.0005 
13 0.0005 -0.0002 0.0001 0.0004 0.0004 
14 0.0005 -0.0002 0.0000 0.0003 0.0004 
15 0.0005 -0.0002 0.0000 0.0003 0.0003 
16 0.0004 -0.0001 -0.0001 0.0003 0.0002 
17 0.0004 -0.0001 -0.0001 0.0002 0.0002 
18 0.0003 -0.0001 -0.0001 0.0002 0.0002 
19 0.0003 -0.0001 -0.0001 0.0002 0.0001 
20 . 0.0002 -0.0001 -0.0001 0.0001 0.0001 
21 0.0002 -0.0001 -0.0001 0.0001 0.0001 
22 0.0002 0.0000 -0.0001 0.0001 0.0001 
23 0.0001 0.0000 0.0000 0.0001 0.0000 
24 0.0001 0.0000 0.0000 0.0001 0.0000 
25 0.0001 0.0000 0.0000 0.0000 0.0000 
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Table 16 
Impulse Response to One Unit Shock in the Equation for DYHHAT 
Horizon DYNO DYP DYHHAT DYUE DYRATE 
0 0.0000 0.0820 0.0432 -0.0027 -0.0004 
1 -0.0104 -0.0260 -0.0931 -0.0059 0.0001 
2 -0.0069 0.0084 0.0460 -0.0037 0.0004 
3 -0.0078 -0.0005 -0.0084 -0.0025 0.0006 
4 -0.0030 0.0006 0.0059 -0.0016 0.0007 
5 -0.0032 0.0003 0.0015 -0.0010 0.0008 
6 -0.0015 0.0000 0.0016 -0.0005 0.0007 
7 -0.0010 0.0000 0.0011 -0.0002 0.0007 
8 -0.0004 -0.0001 0.0007 0.0000 0.0006 
9 -0.0001 -0.0001 0.0005 0.0001 0.0006 
10 0.0001 -0.0002 0.0003 0.0002 0.0005 
11 0.0002 -0.0002 0.0002 0.0002 0.0004 
12 0.0003 -0.0001 0.0001 0.0002 0.0003 
13 0.0003 -0.0001 0.0000 0.0002 0.0003 
14 0.0003 -0.0001 0.0000 0.0002 0.0002 
15 0.0003 -0.0001 0.0000 0.0002 0.0002 
16 0.0003 -0.0001 0.0000 0.0002 0.0002 
17 0.0002 -0.0001 0.0000 0.0002 0.0001 
18 0.0002 -0.0001 0.0000 0.0001 0.0001 
19 0.0002 -0.0001 0.0000 0.0001 0.0001 
20 0.0002 0.0000 0.0000 0.0001 0.0001 
21 0.0001 0.0000 0.0000 0.0001 0.0000 
22 0.0001 0.0000 0.0000 0.0001 0.0000 
23 0.0001 0.0000 0.0000 0.0000 0.0000 
24 0.0001 0.0000 0.0000 0.0000 0.0000 
25 0.0001 0.0000 0.0000 0.0000 0.0000 
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Table 16 
Impulse Response to One Unit Shock in the Equation for DYHHAT 
Horizon DYNO DYP DYHHAT DYUE DYRATE 
0 0.0000 0.0000 0 .01400 .0272 0.0006 
1 0.0632 -0.0096 -0.0268 0.0198 -0.0012 
2 0.0248 -0.0038 -0.0216 0.0134 -0.0026 
3 0.0240 -0.0032 -0.0138 0.0088 -0.0032 
4 0.0136 -0.0013 -0.0111 0.0055 -0.0035 
5 0.0096 -0.0007 -0.0078 0.0031 -0.0034 
6 0.0054 0.0000 -0.0056 0.0015 -0.0033 
7 0.0030 0.0003 -0.0039 0.0004 -0.0030 
8 0.0011 0.0006 -0.0027 -0.0003 -0.0026 
9 0.0000 0.0007 -0.0018 -0.0007 -0.0023 
10 -0.0008 0.0007 -0.0011 -0.0010 -0.0020 -
11 -0.0012 0.0007 -0.0006 -0.0011 -0.0017 
12 -0.0014 0.0006 -0.0003 -0.0011 -0.0014 
13 -0.0015 0.0006 -0.0001 -0.0010 -0.0011 
14 -0.0014 0.0005 0.0001 -0.0009 -0.0009 
15 -0.0013 0.0004 0.0002 -0.0008 -0.0008 
16 -0.0012 0.0004 0.0002 -0.0007 -0.0006 
17 -0.0011 0.0003 0.0002 -0.0006 -0.0005 
18 -0.0009 0.0003 0.0002 -0.0005 -0.0004 
19 -0.0008 0.0002 0.0002 -0.0004 -0.0003 
20 . -0.0006 0.0002 . 0.0002 -0.0004 -0.0002 
21 -0.0005 0.0001 0.0002 -0.0003 -0.0002 
22 -0.0004 0.0001 0.0002 -0.0002 -0.0001 
23 -0.0004 0.0001 0.0001 -0.0002 -0.0001 
24 -0.0003 0.0001 0.0001 -0.0002 -0.0001 
25 -0.0002 0.0001 0.0001 -0.0001 -0.0001 
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Table 16 
Impulse Response to One Unit Shock in the Equation for DYHHAT 
Horizon DYNO DYP DYAHHAT DYUE DYRATE 
0 0.0000 0.0000 0.5485 0.0000 -0.0011 
1 -0.0125 0.0153 -0.0529 0.0059 -0.0007 
2 0.0194 -0.0087 -0.0150 0.0029 -0.0009 
3 0.0008 0.0020 0.0032 0.0020 -0.0011 
4 0.0046 -0.0010 -0.0051 0.0012 -0.0011 
5 0.0016 0.0001 -0.0012 0.0006 -0.0010 
6 0.0012 0.0000 -0.0015 0.0002 -0.0010 
7 0.0004 0.0002 -0.0009 -0.0001 -0.0009 
8 0.0001 0.0002 -0.0006 -0.0002 -0.0008 
9 -0.0002 0.0002 -0.0004 -0.0003 -0.0006 …‘ 
10 -0.0003 0.0002 -0.0002 -0.0003 -0.0005 
11 -0.0004 0.0002 -0.0001 -0.0003 -0.0005 
12 -0.0005 0.0002 0.0000 -0.0003 -0.0004 
13 -0.0005 0.0002 0.0000 -0.0003 -0.0003 
14 -0.0004 0.0001 0.0000 -0.0003 -0.0003 
15 -0.0004 0.0001 0.0001 -0.0002 -0.0002 
16 -0.0003 0.0001 0.0001 -0.0002 -0.0002 
17 -0.0003 0.0001 0.0001 -0.0002 -0.0001 
18 -0.0003 0.0001 0.0001 -0.0001 -0.0001 
19 -0.0002 0.0001 0.0001 -0.0001 -0.0001 
20 -0.0002 0.0000 0.0001 -0.0001 -0.0001 
21 -0.0001 0.0000 0.0000 -0.0001 0.0000 
22 -0.0001 0.0000 0.0000 -0.0001 0.0000 
23 -0.0001 0.0000 0.0000 -0.0001 0.0000 
24 -0.0001 0.0000 0.0000 0.0000 0.0000 
25 -0.0001 0.0000 0.0000 0.0000 0.0000 
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Table 17 
Impulse Response to One Unit Shock in the Equation for DYRATE 
Horizon DYNO DYP DYHHAT DYUE DYRATE 
0 0.0000 0.0000 0 . 0 0 0 0 0 . 0 0 0 0 0.0095 
1 -0.0038 -0.0029 0.0050 0.0016 0.0083 
2 0.0017 -0.0020 0.0066 0.0028 0.0072 
3 0.0029 -0.0023 0.0024 0.0034 0.0061 
4 0.0044 -0.0022 0.0017 0.0036 0.0052 
5 0.0047 -0.0020 0.0006 0.0035 0.0043 
6 0.0048 -0.0018 0.0000 0.0033 0.0035 
7 0.0046 -0.0016 -0.0004 0.0030 0.0029 
8 ' 0 .0042 -0.0014 -0.0006 0.0026 0.0023 
9 0.0038 -0.0012 -0.0007 0.0023 0.0018 
10 0.0033 -0.0010 -0.0007 0.0019 0.0014 
11 0.0028 -0.0008 -0.0007 0.0016 0.0011 
12 0.0024 -0.0007 -0.0007 0.0014 0.0009 
13 0.0020 -0.0005 -0.0006 0.0011 0.0007 
14 0.0017 -0.0004 -0.0005 0.0009 0.0005 
15 0.0014 -0.0003 -0.0005 0.0007 0.0004 
16 0.0011 -0.0003 -0.0004 0.0006 0.0003 
17 0.0009 -0.0002 -0.0003 0.0005 0.0002 
18 0.0007 -0.0002 -0.0003 0.0004 0.0001 
19 0.0005 -0.0001 -0.0002 0.0003 0.0001 
20 0.0004 -0.0001 -0.0002 0.0002 0.0001 
21 0.0003 -0.0001 -0.0002 0.0002 0.0000 
22 0.0003 -0.0001 -0.0001 0.0001 0.0000 
23 0.0002 0.0000 -0.0001 0.0001 0.0000 
24 0.0001 0.0000 -0.0001 0.0001 0.0000 
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